ABSTRACT. The present study examined factors associated with suckling, eating and postural behaviors (standing, lying and sitting) and the relationships between sow behaviors and reproductive performance. A commercial farrowing-to-finish farm with approximately 300 female pigs was visited eight times for 3 years to record sow behaviors using time-lapse video recorders for 24 hr. The lactational and postweaning reproductive performances of each sow were recorded using a recording software system. Statistical models were built to investigate the factors associated with each behavior. Regression analyses were performed to determine the associations between behavior measurements and adjusted 21-day litter weights (A21d-Wt), weaning-to-first-mating intervals (WMI) and occurrence of ≥ 2 dead piglets during lactation. The means of suckling intervals and frequency of postural changes of the 145 recorded sows were 47.5 ± 0.59 min and 86.8 ± 2.97, respectively. As parity increased from 1 to ≥ 4, the suckling interval and total standing duration increased (P<0.05). The number of nursing piglets and observation days 4 to 21 of lactation were not associated with the suckling intervals. A longer duration of lactation was associated with a longer total standing duration and a higher frequency of postural changes (P<0.05). Shorter suckling intervals were associated with heavier A21d-Wt (P<0.05). Each change in postural behavior increased the likelihood of occurrence of ≥ 2 dead piglets during lactation (P<0.05). No postural or suckling behaviors were associated with WMI. Eating behavior was not associated with any reproductive performance. In conclusion, sow behaviors during lactation were related to lactational performance but were not related to postweaning reproductive performance.
Few studies have reported the associations of suckling, eating and postural behaviors with lactational and postweaning reproductive performances such as adjusted 21-day litter weights (A21d-Wt), weaning-to-first-mating intervals (WMI) and piglet mortality during lactation on commercial farms.
In a controlled experiment, imposition of high suckling frequencies increased milk production and average daily gain in piglets [14] . High intensity of suckling and high milk production have been suggested to be associated with prolonged WMI through lowered LH secretion [5, 7] . Eating behaviors during lactation may also be associated with reproductive performance because a higher feed intake in lactating sows is associated with a shorter WMI and heavier piglet weight [4] . Postural behavior changes may be associated with piglet mortality because piglets remain close to the sow and are at high risk of being crushed when the sow changes her posture [6, 15] . Postural behaviors include standing, lying and sitting behaviors.
In addition, as lactation progresses from 3 to 30 days, the percentages of standing and walking and frequency of standing-to-lying postural changes increase [13] . Few studies have reported which factors (e.g., nursing piglets, observed days of lactation and parity) are associated with sow behaviors during lactation on commercial farms. Therefore, our objectives were to investigate the factors associated with suckling, eating and postural behaviors of lactating sows and quantify the relationships between sow behaviors and performance such as A21d-Wt, WMI and piglet mortality during lactation.
MATERIALS AND METHODS

Farm:
This study was conducted on a commercial farrowing-to-finish farm (in Eastern Japan) that had approximately 300 female pigs. A recording software system [6] was used to monitor the performance of the lactating sows. Approximately 90% of the female pigs on this farm were F 1 crossbreds of Large White and Landrace pigs. The breeding stocks were originally imported from the U.S.A. Thermostatically controlled curtains, for natural ventilation, formed the sides of their lactation barn. The farrowing unit consisted of a farrowing pen with a crate that had creep areas on the sides and front. The farrowing crates and side creep areas were located on a totally slotted floor that was comprised of plastic-coated metal wire. The dimensions of the farrowing crates were 233 cm long, 54 cm wide and 104 cm high.
The female pigs were housed in the farrowing crates a week before their due dates to allow for farrowing throughout lactation. The lactating sows were fed daily using an electronic feeder at 0730 and 1600 and were additionally fed by hand at 1100. Definitions of behaviors and reproductive performances: The standing, lying and sitting behaviors were defined in a previous report [10] . The duration of individual behaviors was converted into the proportion per 24 hr period and was calculated as the postural duration divided by a total duration of 1440 min (60 min × 24 hr).
The suckling interval was defined as the period from suckling initiation to consecutive suckling initiation. Suckling initiation was defined as the point at which at least half of the litter piglets began to suck on the nipples of the udder. Suckling termination was defined as the point at which two or more litter piglets massaged or left the udder. Eating was defined as a sow putting her head into the feeder while she was standing.
A recording file for sow performances was collected 5 months after the last farm visit. The investigated performance measurements were the number of pigs weaned, A21d-Wt, number of dead piglets during lactation and WMI. The A21d-Wt was adjusted to 21 days of age, 3 to 6 parities, and 10 piglets per litter [8] . The farrowing rate was not analyzed because only 8 of 127 mated sows did not farrow.
Validations in 12 times playback speeds and observers: The records for 12 selected sows were used to validate behavior measurements. Validation consisted of a comparison of the records of one observer at two playback speeds, 2 times and 12 times. The records of two observers at the 12 times playback speed were also compared. As records obtained at fast playback speeds and from multiple observers may differ, we also validated use of the 12 times playback speed and multiple observers.
Statistical Analysis: All analyses were performed in SAS [9] . Parity was categorized into three groups: 1, 2 to 3 and ≥ 4. The number of dead piglets during lactation was divided into the following two groups based on the upper 25 percentile of the observed sows: < 2 dead piglets during lactation and ≥ 2 dead piglets during lactation. Statistical models were used to investigate the associations of parity, number of nursing piglets and observed days of lactation with behavioral measurements. In all mixed-effects models, the fixed effects were parity, number of nursing piglets and observed days of lactation, and the random effects were the visited year, month and year x month interaction in the MIXED procedure. The two-way interaction was used to account for a part of the correlations of data within a sow in the model.
A separate regression analysis was performed for each A21d-Wt and WMI in the REG procedure using backward elimination (P>0.10). Logistic regression analysis was used to investigate the associations between the occurrence of ≥ 2 dead piglets during lactation and the five behavioral measurements in the LOGISTIC procedure using backward elimination (P>0.10). The fit of the final logistic regression model was assessed by the Hosmer-Lemeshow goodnessof-fit test. The investigated independent variables, suckling interval, eating frequency, lying duration, sitting duration and frequency of postural changes, were selected on the basis of low correlation coefficients between the five measurements (r<0.35). Parity, number of pigs weaned, observed days of lactation, lactation length, visited year, month and year x month interaction were forced in the two regression models. The model for A21d-Wt excluded parity, number of pigs weaned and lactation length.
For validations, the two-sample t-test was used to compare the behavioral measurements: (1) at two playback speeds of 2 and 12 times, and (2) between two observers (A and B).
RESULTS
The means of suckling interval, frequency of postural change and lying proportions per day were 47.5 ± 0.59 min, 86.8 ± 2.97 and 81.3 ± 0.58%, respectively. The means of the adjusted 21-day litter weights, numbers of dead piglets during lactation, weaning-to-first-mating intervals and lactation lengths were 64.1 ± 0.87 kg, 1.2 ± 0.12 pigs, 5.5 ± 0.12 days and 20.7 ± 0.20 days, respectively. The ranges of the numbers of nursing piglets and observed days of lactation were from 4 to 15 pigs and from 4 to 21 days, respectively. Of the 145 sows, 8 sows were randomly selected twice, and one sow was used three times during the 3 yr period. Eighteen weaned sows were culled without mating. The validation showed that there were no differences in the suckling intervals, eating behaviors and postural behaviors between the two playback speeds and the two observers (P>0.10).
The parity 1 sows had shorter suckling intervals and shorter total sitting durations than the parity ≥ 2 sows (P<0.05; Table 1 ). The parity 1 sows also had shorter total standing durations than the parity ≥ 4 sows (P<0.05). However, eating behavior and frequency of postural changes did not differ between the three parity groups (P>0.10). Table 2 shows the associations of postural behavior measurements with the number of nursing piglets and observed days of lactation. An increase in the observed days of lactation was associated with a longer total standing duration and a higher frequency of postural changes (P<0.05) but was not associated with any suckling or eating behaviors. The number of nursing piglets was not associated with any behav-ioral measurement (P>0.10).
Regression analyses showed that a heavier A21d-Wt was associated with a shorter suckling interval (P<0.05; Table  3 ). WMI was not associated with any behavior measurement (P>0.10).
The likelihood of the occurrence of ≥ 2 dead piglets during lactation increased by 1.025 for each posture change (P<0.05; Table 4 ). Suckling intervals, eating frequencies, lying duration and sitting duration were not associated with the occurrence of ≥ 2 dead piglets during lactation (P>0.10).
DISCUSSION
Our field study indicated that sows spent 81.3% of their time in a lying posture, suckled their piglets at intervals of 47.5 min and exhibited eating behavior for 71.3 min over a 24 hr period. This finding indicated that lactating sows on commercial farms suckle at longer intervals and spend a shorter amount of time in a lying posture than sows in other experimental studies showing that sows spend 88.3% of their time in lying postures and suckle at intervals of 40.1 min over a 4 hr period [3, 14] .
The regression coefficient obtained in the present study indicated that a decrease in the suckling interval of 1 min resulted in an increase in the A21d-Wt of 0.32 kg. This was partly supported by a previous report showing that sows suckling piglets at intervals of 35 min had 160 g more milk yield than those suckling piglets at intervals of 70 min over a 24 hr period during early lactation [11] . In addition, the fact that there was no association between the suckling interval and WMI indicated that a decreased suckling interval in sows might not stimulate LH secretion or preparation for resumption of estrus after weaning.
Our results were consistent with a previous report showing no difference in suckling interval between sows with nursing 6 or 12 pigs [1] . Increasing the suckling intensity by increasing the number of nursing piglets using the fostering technique may not decrease the suckling interval and may 98.6 ± 7. not increase the A21d-Wt on commercial farms. We also found no association between eating frequency and A21d-Wt. The records obtained in relation to feeding behaviors may not actually indicate feed consumption. The eating behaviors of some sows, i. e., putting their heads in the feeder, may have been a sign of limited feed intake.
The odds ratio of 1.025 indicated that sows were 1.131 (1.025 5 ) times more likely to have a chance of occurrence of ≥ 2 dead piglets during lactation when sows increased the frequency of postural changes by 5. In a previous study, the act of lactating sows lying down from a standing position caused almost 54% of the observed piglet crushing deaths [15] . Our study indicated that active sows in lactation crates had a greater chance of crushing their piglets.
Our finding clearly showed that sows become active as lactation progresses. These findings were consistent with previous researchers who reported that sow activity levels of standing and walking increased as lactation progressed [2, 13] . Farrowing crate designs should be reconsidered in order to slow down these types of sow movements because death due to trauma contributes to 30 to 80% of preweaning mortality throughout lactation [6, 12] .
Our finding that there was no association between the suckling behaviors and the observed days of lactation was not consistent with a previous report that showed sows lactating for 10 days had a higher suckling frequency than those sows lactating for 17 days [14] . The suckling interval increased as parity progressed in our study. Suckling behaviors may be more significantly associated with sow parity than observed days of lactation on commercial farms. In conclusion, sow behaviors during lactation are related to lactational performance but are not related to postweaning reproductive performance.
It is noteworthy that this study was not a controlled experiment in a laboratory but was an observational study using field data. Therefore, results should not be interpreted as causality, but as association. 
